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Abstract of JP2002368205 

PROBLEM TO BE SOLVED: To provide a 
distance information input device which is 
small-sized and multifunctional, and has high 
precision and low power consumption. 
SOLUTION: In this distance information input 
device, a photodetecting element has a P-type 
impurity area formed on an N-type 
semiconductor substrate; and also has a 
photoelectric conversion part, a charge 



storage, a transfer switch, and an amplifier 
circuit on the P impurity region. Further, the P- 
type impurity density of a 1st P-type impurity 
region provided in an area corresponding to 
the photoelectric conversion part, transfer 
switch, and charge storage in the P-type 
impurity region is lower than that of a 2nd P- 
type impurity region provided in the region, 
corresponding to the amplifier circuit part; and 
an N-type impurity area having N-type impurity 
density as high as or higher than the P-type 
impurity density of the 1 st P-type impurity area 




is provided in the region corresponding to part 
of the side of the transfer switch close to the 
charge storage and the charge storage in the 
surface of the P-type impurity region. 
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H»M»*a>«5B] 

*#i=»««Lfc*tii»L, men 

*U #ME»£fT5fcftf=* fl(l£fl§UEB%lIJ:RJH 

«rE*«K»«i3cfcoT*ifc*4ifc««**aiEii-r4 10 

E*«**»3*oT***nfc«»*WE»«KIIBi: 
TOE««f»W»^«WEll**Lfc««f*«ffl3ft*Lr 

m a -r * fc #> a) it m%*® t % 

*«TE-PS!^«tt««±lc*L. 

i£x-< ^^«ft6i;ict(rE«w*affli^j£"r*««i= 

Kit & 1 <D p S^ttttifttta P 97MftSftl*. 20 

«rKPffi^ttft««a>*ffia>rt* «rEIS£*-f ^fflo> 
WE««»SI«l=iftL^«a)-«fcl(rE«*»SI«i:l=» 

[«**2] lBIENS=Ftt«B<E«G)Tffll3. HMEfti 30 
(DPS^»tt««£yK«ftfcy. *o|(IES2(DPI 

*i«mw* * y * -e fc & >i 3 a) p gt^mvam® s 

[»**3] TOE*«a«ffli3cfctf«9Eej3lx-f ^ 
ffl<D«TE3fc«as«»lcifiL^ffl|a)-ffl^** JS"T 6«TE P S 

\z % «rE*4(DPffi!^««B««a)TfiBfc«uENS^ttft 

y fii^MMfle*-r«ft2 0)Na?M«titte 

Wt«Cfc*»«Jk-r«BI*ai *fctt2l=E«<3!>E«l 40 

[O O O 1 ] 

gicfca^r, B*>y. »ft*M>EBfllBSB*fc LT 

y t;u* -< aizsx y at;ffi«««A*s«i=H-r & o 

[O O O 2] 



f (Time of Fl ightS;TOF 

[0 0 0 3] zkd^SIzS-^t. **ft«g<&E8i1f 
lM*«S£H**x y 7BB LT-ft LTBMB** 

[0004] CCD^JirLT. R. Mi yagawa^CD 

(1995 IEEE Workshop on 
Charge— Coupled Devices an 
dAdvanced Image Sensors, A 
pri I 20-22;" Integration — Ti 
me Based Computat ional Ima 
ge Sensors") -^Robert Lange 

<D^£iS (Sensors, Cameras, and 
Systems for Scientific/In 
dustrial Application II, P 
roc. SPIE, Vol. 3965, San. Jos 
e, ( 2 O 0 0) " Demodulation Pix 
els in CCD and CMOS Techn 
ologies for Time — of— Fl igh 
t Ranging") 

[0 0 0 5] GTF. »S£B#«£'«KSEB«^*ffll* 
Ty7JU«^AlcEBB« (»*«bO)JMt#^B^--6« 

2^Wiz3£-<fctcD) ^Mt^^icour, 

R. M i y a g a w a b0^iBJI:i: otPW^o 

[0 0 0 6] B4lt R. Miyagawa &*<flllVfe 
«fi£B«^(Dg3fcfflfC^L*-t\ 1 I*»(D«lffiiJS$ 

[0007] p#lMSfi4i.9±i^ 6»ft*;n^ 
flta>/=toa>«a*ttN^ttaaffi«4 2 ot, *©±ffifz 

l*B*LTL^a^!6«BrZctoT*n-F*Llft«**tfc# 

y v y =i vf — Mr* y |ga«a^rtt*4xr l^«o 
[0008] «ffi*«mic*«i^«/=i6a)Naffl 

»««4 1 4fcJ:U:4 1 5 NS!ffi«[fE«4 1 4fccfc 

1/4 1 s^-ttt-fixWftWfzftlS^iifcltWBBBA 1 

6fccfctf 4 1 7 <t. NBfi£»ffi«4 1 4fc,fctf 4 1 50) 

[ O 0 0 9 ] ^ffit/iEli. B*ffilZ CCD (Charg 
e Coupled Device: Wffi&aM^F-) & 

MOSi (Metal Oxide Semicond 
u c t o r) BttBfi^B^CT'feifctfK 

re-r So 

[OOIO] A**3tA<i£ftS4 1 8(DBPgBA^*^(D 
3t««»ffl4 0 1 (CA»-T4^. -tOA»**lcJti:f- 

[0 0 1 1 ] ftM»fl4 0 1 li. MOS7t h<f— h 
4 0 OTIC J&J&£;fr£ ftlS»S4 0 1f± 



(3) t#Hfl2002-368205 



4 0 3 *5«fci;$E2l>f — h 4 0 4 T<D&&*<< yT» 4 0 
5£tfrLT. ^H^ttm^Sm^f— h 4 O 6 TCOm^S 
4 O 7 cfc lX«^S»y— h 4 O 8 T<D W5*«ffl 
4 0 9 l=lEK*:|v5,fc 3 fc«*S*LTL^«. 
[OO 1 2] C(D<t£, m^SSy-~h4 0 7fcJ:tf:4 

0 9fz(4. hy— h4 o o ^y tsi^WEtfHMras 

*U 3^0KSI>f— h4 0 2fccfctf4 0 4|Zfitt*t«K f 
tC3h>t»eaiy— K4 O 2fcfeiS/^UXSH]*D-r*i:#fC 
l*feSl^r— h 4 O 4 A^^-T ^» cfc 5 ft/llbX SA^t 

O 

[0 0 13] 5£fz % giy- h4 O 4|z$e2I^;u 

x^g]*pt" &<t#izi±. tisy— h4o 2^^-r^cfc 

dfc^;ux£A:fc^-£o 

[ooi4] z<7>ct 5 l^ffirr* - £ lz£ -=>T. 

4 o 7fcj:z/4 o Qizwm^-^^t^ 

[OO 1 5] m^§*ISB4 0 7;fc<fctf4 0 9(Z^iB£;h, 
tcm^li. *Ej£>f — h 4 1 0fcJ:tf4 1 2^t>t^)C 

^fzety, ^in<f— K4 i i 1 te<fei;e 

h4 1 2<0$E^aJ4 1 3^U -ttt-fflNfflffi 

[0 0 16] **t6C0R|ft*BEI*. it*S^[ilK4 1 6 
£tf4 1 7lz£oT. ^ft^tu ^affcHJ*Stt4o 

R= c ■ A t /2 

= (c T/4) • [ (2Q2) 
= (c • [1 - { (Q 

[0 0 2 5] LfctfoT* «W»a«4 0 7t5cfet/4 0 
[0 0 2 6] ^<D£?\Z % TOF7£\Z&~5<m8£\Z&^ 

[0 0 2 7] R. Mi y a g a w a £>0)^£3l% Robe 
r t L a n g e t> 4)J££<Dai|EttS £ t |Z % iRJB C M 

o s ^a-bxizc c Dflfcfi* ^fiE-f 5 ^P-izX Siifti L 

fcCMOS/CCD^P-tzXfUotM^^ltL^o 

[0028] Z0)CMOS/ccD^a-lrXl:o^t, 
«fcy*{*WlzfiHfrr*£. ii«<DCMOs:7a-fe;uz;fin 

CCDf - h«j££ff2/£^&0fc:&lZ2O<Z>7Kuy 
— h*ttfflnTtetL. JbCCCDy- KSU(D^x;U^ 



10 



20 



[0 0 17] B5fd\ H4 0)^V9ElAffi4 0 1 -e*£L 

fewsi y »its*< & a« 4 o gfe^iM o 7 

[OOI 8] &|Z % B6£ffll\ ±E«ft«H***ffl 
[0 0 1 9] melt. gUfzfcUT. i£#B$0)jgjt^lE 

4 O 2 <t 4 0 4 0)BHin«E* SftSM 0 1 T'£j££*L£ 
ft-^-m^Sfccfct/SSa54 O 7. 4 0 9(Da^S»0 

[0020] /<;ux£B*ftfc»ft*iB*f*. C 

h4 0 2fcHiln*4x««Ei:f*l^<4«^fcy % $e 
a<f— h4 o 4lzffjra£*L£BIE<tfii soSfiWf 

[o o 2 1 ] *iz, s»*tt. a£ftfta>«fi*iB*(c» 
[0022] -t©K4**3&<a3tap4 o i izm-?z>k* * 

[0 0 2 3] CCDm^Qfi. 62y-h4 0 2fcy~h 
4 0 40* ^/^IzfctfcLT. ^ti-f^CO{iffl^«go 
fcj£#r£|Z, 6ax-fyf»4 0 3, 405^Lt 
m^SaSB4 0 7 % 4 0 9lZ-t*t-f*L»y»lt6*t4C 

[0024] z:a)t#»jfeljB*-ea>iBJltRtt. %3c, 



/ (Q 1 + Q2) } 

1 -Q2) / (Q1+Q2) } ] - (1) 
30 I Mi/ ifr 9 T f&8L+Z> frf§7b<i£ *D £ tltz y □ -tr 

[O O 2 9] 

[0 0 3 0] fl^ll 1 OMHzT'liS^iy^lt^ll 
40 [O O 3 1 ] -OSSS2l3l^*<Mt> < b. -^CDSSX 

ofc^sizteiii^nTL^dc^rzcfcy. ^ dx i — ^ 

[003 2] JUT. ZO)^PXh-^^fei|^DX 

I — <?tv$J£ 0 

[0033] Sfc. coi^SiS^axh-^ii, j±j£ 
50 S^affllziS&sS-r^c^iz.koTi^z:^., 
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[0 0 3 4] L*Lfc#&. tt*ttflfCttZfl!)«WI6a 
[0 0 3 5] *fc. ±3fiLfcaE*a*fflL^T«fl[J:< 

^*<igj2ix-< ^^»t^*-rr=»a«ic j: y 
iiasfc^ifc-r&z t iz* y & y #it t>*tfc 2 o(7>m^/\° 

[003 6] LfrL£A<&. «fe*ft«T?fi, Z0)J:5<C 
Soffit* <7 D X I £ <D*#I::B LT%Jt £ *LT l*fc*r> 

y . isaa>fflffi«*tf# & i> <t ^ 5 iMWfc o t- 0 

[0037] ^fc. cmos ^p-trxic^yf^S*^ 

^ ^ -v-tz >-9-iziiffi«jEBMte * « annsa) 1 ? >^ 
«jfi3W*y % ant. «B«E5viaT-ciM*-r*o 20 

[0 0 3 8] ^(DtcftCMOS ^P-lzX^— Xt*l?Sfi 
[0039] L^Lft3&<P>. «6*0>ft«T?ttfi«iE<blc 

y KBavhSHb tfBHi-e fe o fc 0 
[oo 40] ±EG>*itr=«^"Cft**ifct, 

1 — ^ajisa^btecfcT/fia^biz^y, cmos^ 

xK-xT^S-r^c<tA<Bi^-c% B2ffiW7>^s/:7 30 
<bLt-/MJ- »l^ol«t, te>fNSffi*T:fcftE)il 

Co o 4 1 ] 

[RB*»*"r«fc»(D*«] MMBICfcfti:. ±EK 

(1) tt»lc»JSJEBLfc3t*K»L, ffiTESg^B 

5tea£&£fT-5£*lc % KfEBftStBftB^HMLTfi 
SKB^«fettaft*^*«ilfcEK««[AajS«^*5l^ 

r. wrffifiateiR^tt. NM4^#gffi±i~J&j££*itcP 40 

E*tt«li: * o tM* *ifc«8ii«Ett4I 

ESg£3£iB£ I^SB LTiaEB««a«B^I£2M"ftlE3&X 
-fyfflfc, WrEB«f*Wai=*8IEtt**ifc««*« 

&?MMMLbf=*U l»EPlT**««fl)rt, ME 

*«SE«fflis«fctf«rEteax-f -y^ffl^&tficmEafir 



o>rt. MEtesix^^^acDiirEa^sasB^ifiL^fflo 

-fflt«TE««*Sffltfz»j6-r«««lz % HrESSKD 

pH^«<M«a>pffl^«*ji«iRi«*L<i***L«fe 

[OO 4 2] *|£BJllCj;;h,l£. 3fe«ftSWKD P ffl^tttt 

Bft£«MBBB0P&7NttUE£ L J 

fc». fflSBa>j£*«y*«*#<"fty* j: y 

B^SS£££ttft::,b*<-e#ft, 

fto 

[00 4 3] »mfflj&<pffl-efc£3fe«**6M*N 
[0044] *t>(c. ggx^f ^Tfl»a>5^«W»affl 

»lcfcltft<e£«£Sfil-tU Lt-*<oTS#$E2I^P 

x h— ^ 

[00 4 5] *fc % sMSBfZcfcftfc. ±BKB£fflfrT 
ftfctf>f^ 

(2) «fENfi^«16««a>T»l^. ffllElKDPS 

7*HM«<fciJBSdefty. figure* 2 a> p &7M«i 

CfcS**i*ft (1) r=Etta>ERtni«AAtt*tf» 
[0 0 4 6] S^lx-r ^^gp<7>5*>m 

?®<dp a^tt«iBftj:y tiB*SftPS^ttttffl«*^ 

* & ^fi*-r ft C £ ft o 

[0 0 4 7] (£g£<B N £WFtt»1B*G>Tffl 

cuas-r ft <t 5 £ y tiSSSfc p s^««a 

[0 0 4 8] (3) mE*WSE»ffifc«fctfiuE£i£x 

>r ^^ffl©mEA«aE»fflrciftL^a>--«iz»JE-r4m 

E p M^a^i^SiDizm 40P ^^FttteHia Slftrt ft 
nEX40)Pa7fl!tt«iiCa>Tfll=nENS7 

«S^rtftc^S^a<bt-ft (i) (2) izEK 

[OO 4 9] **B^|zJ:4xff. *«SEftffl*5J:tfeiSX 
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[0 0 5 0] ZtUCfclJ. «BfSy»lt»fWzteL^T % 
ft{£l*f~tf>, 5 ViaT(DWta«EET?t^**/U£^j£-r 
[005 1] za>4:#, Ki*ft«flf<Ea6*j&Si:-r*3t 

[oo5 2] *«*»ao«ffi*jK»K©pa=F 

[0 0 5 3] 

[ o o 5 4 ] cm i conifcttj&ffi) *^om 1 a>nss 

[0 0 5 5] Hlli % *S£BJ§<7)3£ 1 ©SHfiO^BlCi-B 

[O 0 5 6] Si l=fcl*T. •Hft4i o oriN#mM 
Sfi. #JH»#i oi.i o 2f*Jtf«*EIK0fc«fctfB 

#Hff#1 0 4, 1 0 5riNV«S7ttttfitt$^ 
[0 0 5 7] ftfc. g]1lzfcl*T. #ISf4 0 0M 

[0 0 5 8] PiiS^ffii^i 0 3fi-f 

*>&Aifc<fctf!»i£»lz<fc y . fcaiM*xt°$*v-WU 

**f=tfey»***L % pw»s^tt«iii«i o i fecfctf 

1 o 2 cfc y t«a»::KS**iTl>ao 

[o o 5 9] 0dxl£. PMS^«M*i0 3li*') 

SSgA«~ 2X10 A 15 cm- 3T^-5o 
[0 0 6 0] ^(DP9li?ttifij1 O 3(DSS(i^ 

[006 1] Pl7t(»1B«1 0 1feJ:tfl 0 2 

f±. w^->5tAte«fctf»tt»rc«fcy^*^ p^J$fe 

««i o i fccfctf 1 o 2(z>^a!&asi±. mtux. 2* 

1 0 ~ 1 67bM2 x 1 0 * 1 7 c m-3T'fcio 
[006 2] C<D^tttt£ftf± % NMOS0)L^L>il 

Kfimm<Dm<Dmt>*i&&mv$>tL\£ «*< % mz % es 

-r&t<DT*fi£:l^ 



[0063] NMaw»««i64 6J:D:io5 

I*. ^SX-<^^$B0**^t>NSmMffitl[^lt4 1 4 

ft*tf4i s*-e»*Lrfcy. iEK««i«»tt-ratt 

OXgfCfctxT. U >SJS 2x10 a 15c m- 3 
5X10^15 cm-3g|, IVifftJSLhfC&a 

[0064] «fcy»*L<f*. PMS?Kttfi«10 

10 [0 0 6 5] tJTfc, CtlbONStI^««104 
fccfctf 1 0 5<D;ggl± % BffWElZfcHTs C(D^IlgEA< 

[0066] zcDcfc^^s^fzra-^rccfcy. a 
* *;uc c d iz j: antra, y »rt35 A^aflEftin 
^n^*tia 0 

[ O O 6 7 ] *HIS(D^SCD!f$St(i. ( 1 ) m^iE^ 

njte-efcy. (2) 3tms«eP4 o i ^mos k 

*act36>t>. PS7ttttia«i o 3<Dmm&MB-f& 

a<fc5"icR«-razi:A<Rrtt-efcy. (3) ni*S(* 
*«±fc3it«j6a«3&^***ix^afc«>. 3ts^»s 
a>a^««i3#fi-r a«^*fia«arcaMRS-fr * c t 

Jtf-C*. t^PXh-^A<ffia$^ (4) *6lc % 

*< * ^04>ct>£*i b N ft^7K«9a« V0 4J3 
<fctf 1 O 5 £fl3j£LTl*a*:tf>. RSIX-f ^^-0lcfct\ 

30 rtt7'j >vm^a)xi!iSA</h*L^3lx-f ^0a>+ 

*t*iSI=: tf JU h -< >?K^ >y^JU: cfc 41^5 £ C 
4ztm4<D^ «jS»fi*K«>a-A:3&<-e#a. 

fa**. t^Ks^px k— *£«3t-e«*a*: -aic 

[0 0 6 8] 2 0iiOii) *^BJ(Dm2 

<7)3ltea>^IIlCOL>T, H2$fflL^TKM-rao 
[0 0 6 9] S2(i. *^BJ0)m2(0||JS<^^SIl3 c fc^ 

oivc, 1 !H*»a)BfrB5aiSS^-rH-efca. 
40 [0 0 7 0] B2(Zi3l*-C* #^2 0 0fc«kt;2 0 

11*. %nttflI4 o 1 ^MitiiPSti^ttttl 
Scfcy tffXSfroMOS h7>vX^A<M*WP 

w«ffl5F«tt««i o i fc<fctfi 0 2«fcy tisaffap 

[O O 7 1 ] gj2lCfc(^T. ^oteottf)!*. h i -elfc 

oi$iB^^^Bsra 0 

[0 0 7 2] Z<Di§£\ PitI^lt»(i82 0 0fcJ: 
2 0 1 f*. «5U*. ^^IggA<-5 x 1 0 ~ 1 5 c 
50 NMS^ftgli104feWl05 
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£ » fSL -T i> ffi i z -< * > a A fc «k tfe I z «fc y jfc fit * *v 

So 

[007 3] *xtta>Ktta>tt*i*« n mts^ttifriB 

*1 0 4fe«fcU:i 0 5 0)TffllCPS|«S^tt«lfS«2 O 

o*5cfc«2 o 1 *»flE-r4zifc<ky % pgii^» 

[0 0 7 4] (m3(7>HlS0)^S) **B^I3 
[0 0 7 5] H3I± % **K<0»3<D3lffi(D^iglC<fc£ 

[007 6] B3fc£l^T, MMSOOIt N#H 

T?fcS 0 20 
[007 7] g]3l::fcl^T\ -£-<DteO>*>a>l4. 

[0 0 7 8] d©*^. N91I^^3 0 0(j:, 
4Hx.fi* U>t100ke V J5l±<D»iS«EEI=«fc l J . X 
1 x 1 O ~ 1 6 cm-3lC^^cfc^lZ-r^>^A 

[O O 7 9] ^(D^lc, P»KS*tt*tfS«3 0 1 
«x.li, 3 O k a va>*aj8«El::<fc y . SJt 

#1 x 1 O ~ 1 6 cm- 3 75^1 x 1 O ~ 1 7 cm- 3 30 

I ^ # S <fc 5 1= -f it > a A * *i S o 
[ooso] <fcy#*L<l±. N«tS7HWM3 0 

o 5o>^i*iafi«ky(ft<ss$*L4<D36<a*L^o 

[008 1] fejfc. c*Lt>a>afi*5cktf-<*>aAfta> 

iinswEKoi^Tfi. raf^BEEicasi^r N*i!?m 

i*TN»«IB^tMMSi< 1 0 4fc<fctfi O50*f>v 

YJ^N#11^STO3 O 0(7>7K^>v-VJU<£ U t* 
[0 0 8 2] ^HSWl^at MOS7thf- 

K4oojcH«iD'r«»jE$**<i*-ri=i. *«*»»4 
aft«SfR26*!&Kt-r 4 o 1 fccttfes 

X-f vf»4 O 2 te^t/4 O 4 fzfcIfSS?Sln^iiJg(* 

affi«fSta>K«*»it*<ft-&a>-eKiSicfty % 

So 50 



[oo8 3] *fc. *mmo>mm(Dftmt. utmi&M 

jE?lT?»lfc*-C£|z < fcoT. %KK&tta¥*{fc*9(z 

[0 0 8 4] ±|B(D£lfe<D^lBr£i^*L^ CMOS/C 

[0085] «^Lfi % MOS7thy-h400 x Iej2£ 
^-h402fcj;t;404, Iif-h406fcJ;l/4 
o 8lcBMn-*-4»EEli, **l**Ll. 5V, 3V N 5 V 

[0 0 8 6] ^iKBJ^fcLT. *«H0>E]iflMA4] 

SSI*. «*a)*«i:tt«LT*»a>iisiTa)(S5B«« 

tta>*8Mb3&<prffit a y Mt*']*SH=*j*-r * c t 

[o o 8 7] 

Ufllcfctui. nx h—*a>ffi«Mb. m^ffiife 

>7QX ^(Dffi*fctJcfctf««EEftl=J:y. CMOS 

v L/cS§gt«^A*SS^g«-r S c t A<T^ 

So 

[an a 1 1*. *%wcDm i (Dsiifio^fliizcfcss&iss 

««A*S*A<affl**b*B**IB*^(D**fflf=ol^ 

[H2] H2fi % *«B^(Z>m2 0)3ll6a)^SII^«fcSffij8l 
WWASSEM^SifflStLSefiJEIlX^aAfflrzoL^ 

[B3] H3I4. *«Ma>«3 0)SIJfia)^JiU«t:SffiBI 
[H4] H4I±, fj£3fca>aW i: LTR. Mi y a g a w 

[i5] H5 14 % B4 0)%tXj|tP4 O 1 -e*±Lfct 
^£»y W»#«ffi4 0 9 J3«fctf4 0 7(zg 

[16] H4(zfcl>T. jS*«F©»S*H*t 

«*BSO>*tft«Bfr &©JR»3fc<D*3£K. figy- h 4 0 
2 4: 4 O 4(7)EPlBimi±. S3teSP4 0 1 -C^SttSS-^ 

asa*5^s»gB4 0 7. 4 0 9<DS^saa<D^ia^ 

ioi, i o 2-3SI7«i^, 

1 0 3-i«a^«a««, 



(7) ^§82002-368205 



10 4. 1 O 5-N9il7i^«, 
4 14, 4 1 5 — NS!ffitt««£* 
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4 00- 
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402- 
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■raw— k 



4 o 5- •esx-f y^SB. 

4 0 6-115I»y-h, 
4 0 7 % 

4 0 9-tHfgS, 

4 i O" -saw— k 

202. 2 o i -p*ta?Mifl«. 

3 oo-NUa?MMl«, 
3 o i ---PWK97MMML 
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4$ §82002-368205 



F$— 2F065 AA02 AA06 AA53 D001 DD02 

DD06 FF12 FF13 FF32 HH04 
JJ01 JJ03 JJ15 JJ26 MM16 
Q025 0Q26 Q027 QQ47 

2F112 AD01 BA04 BA05 BA10 CA12 
DA28 FA12 

4M118 AA02 AA04 AA05 AB03 BA11 

CA07 DA02 DD04 FA03 FA08 10 
FA34 FA35 FA39 



